Abstract The present study examines the interaction between a polygenic score and an elementary school-based universal preventive intervention trial and its effects on a discrete-time survival analysis of time to first smoking marijuana. Research has suggested that initiation of substances is both genetically and environmentally driven (Rhee et al., Archives of general psychiatry 60: 1256-1264, 2003 Verweij et al., Addiction 105:417-430, 2010). A previous work has found a significant interaction between the polygenic score and the same elementary school-based intervention with tobacco smoking (Musci et al., in press). The polygenic score reflects the contribution of multiple genes and has been shown in prior research to be predictive of smoking cessation, tobacco use, and marijuana use (Uhl et al., Molecular Psychiatry 19:50-54, 2014). Using data from a longitudinal preventive intervention study (N = 678), we examined age of first marijuana use from sixth grade to age 18. Genetic data were collected during emerging adulthood and were genotyped using the Affymetrix 6.0 microarray (N = 545). The polygenic score was computed using these data. Discrete-time survival analysis was employed to test for intervention main and interaction effects with the polygenic score. We found main effect of the polygenic score approaching significance, with the participants with higher polygenic scores reporting their first smoking marijuana at an age significantly later than controls (p = .050). We also found a significant intervention × polygenic score interaction effect at p = .003, with participants at the higher end of the polygenic score benefiting the most from the intervention in terms of delayed age of first use. These results suggest that genetics may play an important role in the age of first use of marijuana and that differences in genetics may account for the differential effectiveness of classroom-based interventions in delaying substance use experimentation.
An increased commercialization of marijuana for medicinal and non-medicinal (i.e., Brecreational^) purposes currently underway in the USA, Netherlands, Uruguay, and elsewhere is likely to increase the drug's availability and opportunities to use, including among adolescents (MacCoun and Reuter 1997; Pacula 2010) . Marijuana smoking initiated earlier in adolescence may pose a greater risk of disruption to the brain and cognitive development, poorer educational and life outcomes, and development of problematic cannabis use (Volkow et al. 2014; Hall 2015) . Therefore, school-based interventions in childhood targeting possible antecedents of adolescent substance use, such as aggressive or coercive behaviors, are a potential means of preventing or delaying marijuana onset, and thus reducing the risk and added healthcare costs related to these later adverse outcomes. The effectiveness of these interventions could differ to the degree an individual's genetic variability modifies direct or indirect pathways leading to the first cannabis experience. Our group previously found a gene by classroom intervention interaction on the timing of tobacco onset and in trajectories of tobacco and marijuana use in adolescence among a longitudinal sample of urban youth (Musci et al. 2015a, b) . In this study, we extend our investigation to possible gene by intervention modification in the timing of marijuana onset.
The Tailoring of Interventions Based on One's Genome
There is a growing body of scientific literature on the personalization of treatments for physical diseases such as cancer based on one's genome (see Guan et al. 2012) . Although this work has received a great deal of attention in the print and electronic media, there is also a nascent scientific literature on the use of the genome in tailoring treatments for addiction to commonly used substances such as tobacco (e.g., Uhl et al. 2010a) . Indeed, Uhl and colleagues (Uhl et al. 2010a, b) have reported in a series of the studies on the use of a polygenic score to predict cessation success among adult tobacco smokers enrolled in smoking cessation treatment trials. This polygenic score was derived from genome-wide association studies of the adult participants from three prior smoking cessation trials and was found to successfully predict quit success (Uhl et al. 2010a) . The use of a genomewide-derived polygenic scores is consistent with the belief that complex human behavior is likely a product of a multiple genes working in concert (Duncan et al. 2014; Plomin et al. 2009 ) as illustrated in Musci et al. (2015a) , wherein a polygenic score was used to predict the course of internalizing symptoms across the adolescence along with an early environmental risk.
Although Uhl and colleagues' work has largely focused on smoking cessation treatment, Uhl et al. (2014) demonstrated that their quit success score could be also used to predict the initial and continuing course of the frequency of use of commonly addictive substances (tobacco, marijuana, and alcohol) in the aggregate from adolescence through young adulthood. Moreover, in an extension of Uhl et al. (2014) , Musci and colleagues (2015b) examined the relationship between Uhl et al.'s (2014) quit success score and tobacco and marijuana trajectories, separately, in adolescence. Moreover, Musci et al. (2015b) examined the interaction between the score and a parallel trajectory of environmental risk/protective factors (parent monitoring and friends' tobacco and marijuana use, respectively). Significant interactions were found between the score and the risk/protective factors trajectory for both marijuana and tobacco, separately.
The Theoretical Basis for the Present Study
We rely on several theoretical frameworks for the present study. One of which, the differential susceptibility hypothesis/framework (Belsky et al. 2007; Belsky and Pluess 2009) , is the guiding framework for our analysis of gene by environment interactions. This framework has an emphasis on the plasticity of response to positive and negative environmental variation as opposed to the diathesis-stress framework and its exclusive focus on risk in terms of the characteristics of the individual and the environment. More specifically, the diathesis framework is focused solely on the untoward outcome in the presence of both the diathesis (genetic/biological propensity) and the environmental risk. In contrast, consistent with the concept of Bfor better or worse ( Belsky et al. 2007; Belsky and Pluess 2009) , the differential susceptibility framework expands the focus to include plasticity in response to enriched as well as distressed environments.
Both Uhl et al. (2014) and Musci et al. (2015b) utilized data from a randomized trial of an early elementary school-based preventive intervention, whose proximal (first grade) and distal targets (adolescence) included aggressive/coercive behaviors and substance use, respectively (Ialongo et al. 1999) . The link between aggressive/coercive behaviors in childhood and adolescent substance use has both an empirical (Elkins et al. 2007; Kellam et al. 2008 Kellam et al. , 2014 and theoretical basis (Patterson et al. 1992) . Regarding the latter, Patterson and colleagues theorize that aggressive/coercive behaviors in childhood result in rejection by teachers, parents, and mainstream peers, which subsequently precipitates drift into a deviant peer group, where a wide range of antisocial behavior is encouraged and reinforced including drug use. Prompted by the finding that the Uhl and colleagues' quit success score interacted with environmental risk/protective factors in predicting the course of adolescent tobacco and marijuana use (Musci et al. 2015b ) based on the data drawn from the Ialongo et al. (1999) prevention intervention trial, Musci et al. (2015c) tested whether the score would also moderate the impact of the intervention on survival to first cigarette smoked. Musci et al., (2015a) did in fact find a significant intervention × quit success score interaction. More specifically, the effect of the intervention on age of first cigarette smoked was greatest among those 1 SD above the mean on the polygenic score.
The explanation we offered in Musci et al. (2015a) with regard to the relationship found between Uhl's polygenic quit success score and age of first cigarette smoked drew on four lines of evidence. The first centered on nicotine's role in activating the brain's reward system (Corrigall et al. 1994; Laviolette and Van de Kooy 2004; Tapper et al. 2006 ). The second is the finding that prolonged exposure to cigarette smoke among non-smokers may increase the likelihood of inhaling secondary smoke and experiencing the reinforcing effects of nicotine (Okoli et al. 2007 ). The third is that the age of first cigarette smoked is associated with the number of one's friends who smoke tobacco cigarettes (Wang et al. 2009 . The fourth is Wang et al.'s (2012) finding that the effect of our early elementary classroom-based preventive intervention on age of first cigarette smoked was via its effect on delaying the reported age a cigarette was first offered by a peer. Synthesizing these four lines of evidence, we contended that the quit success score may be an index of one's sensitivity to the reinforcing effects of substances and that frequent and prolonged exposure to cigarette smoke within one's peer group may increase the likelihood of inhaling secondary smoke and experiencing the reinforcing effects of a variety of substances. This, in turn, would then make it more likely that the non-smoker would accept an offer to try any substance from his/her friends. Finally, the effect of early elementary school interventions on age of first use might vary as a function of one's sensitivity to reinforcing effects of nicotine within the context of interactions with friends who smoke cigarettes.
Consequently, we would expect the Uhl's quit success score to influence age of first marijuana use, since first, like tobacco, marijuana activates the brain's reward system (Covey et al. 2015; Vlachou and Panagis 2014; Lupica et al. 2004 ). More specifically, it is thought that marijuana's psychoactive constituent, Δ-THC, may activate CB1 cannabinoid receptors in the brain's reward circuitry. Second, we found evidence that the quit success score was related to the course of early use of marijuana in adolescence (Musci et al. 2015b ). Third, we also found evidence that the greater the number of friend's who used marijuana, the greater the frequency of marijuana use over the course of adolescence (Musci et al. 2015b ).
Overview of the Present Study
The above hypothesis with respect to the quit success score's action mechanism and Musci et al.'s (2015b) finding of a score × environment interaction in terms of the course of marijuana use in adolescence formed the basis for the current paper. More specifically, using the Ialongo et al. (1999) preventive intervention trial data, we tested whether Uhl et al.'s (2010a, b) quit success score would moderate the potential effect of the intervention on the age at which marijuana was first smoked. We hypothesized that like with tobacco, that a higher quit success score would be associated with greater intervention impact indexed as delaying the initial use of marijuana. We reasoned that the quit success score may be an indicator of sensation seeking and novelty preference, thereby influencing an individual's propensity for substance use initiation.
Method Participants
The primary data from this study come from a longitudinal randomized controlled trial (RCT) testing the impact of the classroom-centered (CC) intervention and family-school partnership (FSP) intervention relative to a control condition. A detailed description of the participants and design is provided elsewhere (Ialongo et al. 1999) . Data collection began in 1993 with 678 first graders and their caregivers. The evaluation battery consisted of structured teacher, parent, and child interviews. A randomized block design was employed with schools serving as the blocking factor. Children and teachers were randomly assigned to classroom and then classrooms were randomly assigned to intervention condition with each of the three conditions being represented in each of the nine participating schools. The interventions were provided over the first grade year only, following a pretest in the early fall.
Of the original 678 participants, 53.2% were male, 86.8% were African American, and 13.2% were Caucasian. Additionally, 63.4% of the participants qualified for free or reduced lunch, a proxy for low socioeconomic status (Ensminger et al. 2000) . Over half of the African American sample qualified for free or reduced lunch (70.6%) and just over half of the Caucasian sample qualified for free or reduced lunch (53.8%). As for the racial breakdown by design, 188 African Americans were in the control condition, while 201 African Americans were in the CC intervention and 196 African Americans were in the FSP intervention conditions. Additionally, 31 Caucasians were in the control condition, and 29 Caucasian and 33 Caucasian participants were in the CC intervention and FSP intervention conditions, respectively. The participant ages at the start of first grade ranged from 5.3 to 7.7 years (mean 6.2, SD ± .34). Assessments were carried out in the fall of grade 1, with annual follow-up assessments in the spring of grades 6 through 12. Genetic samples were collected shortly after high school. Written informed consent was obtained from each participant and the Institutional Review Board approved the study. For additional information on the design of the trial, see Bradshaw and colleagues (2009), Ialongo and colleagues (1999) , or Ialongo and colleagues (2001) .
Chi-square tests revealed no significant differences in terms of ethnicity (χ 2 = 4.974, p = .083), free or reduced lunch status (χ 2 = 2.126, p = .163), and design status (χ 2 = 1.145, p = .766) between the 545 who provided both phenotypic and genetic data and those who did not. T tests revealed no differences between these groups in terms of age at entrance to first grade. However, those included in this study were more likely to be female compared to those not included in this study (χ 2 = 7.473, p = .007).
Intervention
The classroom-centered (CC) intervention was designed to reduce the early risk behaviors of poor achievement and aggressive behavior through enhancements to the curriculum, improvements in teacher instructional and classroom behavior management practices, and specific strategies for children not performing adequately (Ialongo et al. 1999) . Each intervention classroom was divided into three heterogeneous groups, which provided the underlying structure for the curricular and behavioral components of the intervention. Additionally, the intervention program enhanced the Baltimore City Public School curriculum in language arts and mathematics by adding material to increase critical thinking, composition, and comprehension skills (Petras et al. 2011) . The primary behavior management component was a behaviorally focused classroom management program called the Good Behavior Game (GBG), which in previous trials demonstrated a beneficial impact on student behavior (Barrish et al. 1969; Kellam et al. 2008 ). The GBG is a whole-class strategy that aims to decrease disruptive behaviors by assigning children to teams and only allowing the teams that do not exceed a specified criterion of precisely defined off-task, disruptive, and aggressive behaviors to Bwin^.
The family-school partnership (FSP) intervention was designed to improve achievement and reduce early aggression and concentration problems by enhancing parent-teacher communication and providing parents with effective teaching and child behavior management strategies. The major mechanisms for achieving those aims were (1) training for teachers and other staff members in parent-teacher communication and partnership building, (2) weekly home-school learning and communication activities, and (3) a series of nine workshops for parents led by the first-grade teacher and the school psychologist or social worker. The Parents on Your Side program (Canter and Canter 1991) was the basis for training teachers in partnership building and parent-teacher communication. The program included a 3-day seminar with follow-up supervisory visits and an explicit training manual accompanied by videotape training. The Parents and Children series developed by Webster-Stratton (1984) formed the basis for the parenting workshops center around parent discipline and child behavior management.
Measures
Genotype Scores Using Affymetrix 6.0 genotype data that passed overall quality control metrics for each participant, we assessed alleles at the 12,058 SNPs that comprised the previously described v1.0 quit success score. The SNP names, chromosomal location, abstinence-associated allele, and weight used in contributing to the total v1.0 score is detailed in supplemental information from Uhl and colleagues (2014) . SNPs included in the score displayed nominally significant association with ability to abstain in at least one of three smoking cessation success clinical trials that enrolled largely African-and European-American smokers whose allele frequencies, taken together, were similar to those of African-and European-Americans in the current sample (Uhl et al. 2010a, b; Rose et al. 2010) . Greater weights were applied to alleles associated with quit success in multiple independent samples. We reasoned that, while genome-wide multiple tests result in false positive associations in single samples, fewer false positive associations would be identified in multiple samples. Genotype scores were included in the present analysis as a continuous variable. A higher score indicated a greater success in smoking cessation as an interaction with nicotine replacement dose in one independent study in which dose was assigned randomly.
First Marijuana Use Participants were asked yearly BHave you ever used marijuana?^The possible responses were Byesô r Bno.^The earliest age when the participant answered Byest o this question was used to indicate the age when marijuana use was initiated, varying from age 6 to age 16. Eighty participants had not initiated marijuana by age 18.
Population Stratification When exploring genetic associations, population stratification or genetic differences between subpopulations is important to identify and control for so that any significant associations found is not due to ancestry. Previous studies have emphasized the importance of this control, particularly in admixed populations (e.g., African American; Montana and Pritchard 2004; Sankararaman et al. 2008) . The process through which we created the variables to control for population stratification was multidimensional scaling (MDS), completed in PLINK. This process extracts, from genome-wide SNP data, clusters of individuals based on their estimated identity by descent. Subjects are assigned a score on each of these clusters representing their membership in a given population cluster. To reduce the computational intensity, we selected a set of one million SNPs randomly across the genome to test for the presence of stratification using the MDS approach. Although these were not a priori identified ancestry information markers, it has been shown that Brandomly^selected SNPs perform equally well (Pritchard and Rosenberg 1999) . The results of the MDS allowed for the use of one factor, which accounted for a majority of the variance in population stratification.
Measure of Pre-intervention Aggression
The Teacher Observation of Classroom Adaptation-Revised (TOCA-R) was used to assess the participants' aggressive behaviors at baseline (i.e., fall of grade 1 prior to randomization; Werthamer-Larsson et al. 1991) . This measure included items such as, harms or hurts others physically, starts fights with classmates to assess aggression. Teachers rated student behavior on a six-point Likert scale from Balmost never^to Balways^. A previous research on the TOCA-R has demonstrated a high level of predictive validity (Petras et al. 2004 (Petras et al. , 2011 . See Petras and colleagues (2011) for additional information on the reliability and validity of these measures.
Analysis
A discrete-time survival analysis (DTSA) using Mplus Version 7.4 Muthén 1998-2013) was performed to explore longitudinal risk of marijuana initial use (Muthén and Masyn 2005) . The discrete-time survival analysis is a specific type of survival analysis that models the timing of events, specifically when events are measured in discrete-time or grouped-time intervals (Masyn 2014) . This model specification allows for the inclusion of time-varying and time-invariant predictors. The event of interest for this particular analysis is defined for each participant as marijuana use initiation, and the survival time is defined as the time elapsed from age to the first marijuana use. The time scale was recorded in discretetime intervals-age-so although the time-to-event process may actually be more continuous in nature, the data limitations required the process be modeled using DTSA. Fall of first grade aggression and the population stratification variable were grand mean centered to ease in the interpretation of the interaction. In order to explore the moderation of one covariate effect by another, an interaction term is included as a predictor in the model. The interaction effect can be then decomposed by displaying hazard curves for differing levels of the covariates included in the interaction (Masyn 2014) . School/grade/section was included to account for cluster of students in classrooms. This technique, using the clustering command in Mplus, uses a sandwich procedure to calculate robust standard errors Muthén 1998-2013) .
Missing Data Using full information maximum likelihood estimation, Mplus Muthén 1998-2013) assumes that the data were missing at random. This technique adjusts the estimates of the parameters for attrition. Full information maximum likelihood is considered the appropriate method for handling data missing at random (Muthén and Shedden 1999; Schafer and Graham 2002) .
Results
Descriptive and Univariate Statistics Proportions of first use at each age can be seen in Table 1 . The proportion of individuals initiating began at only 1% of the population at the first time point. Subsequently, there was an increase in first use rates across the time period, peaking at age 13 and age 14, with around 20% of the remaining sample initiating at each age, respectively. At the last time point, 15% of the remaining sample reported their first use. Mean scores for fall teacherrated aggression and the polygenic score can also be seen in Table 1 .
Survival Analysis for Marijuana First Use A discrete-time survival analysis model was ran using Mplus Version 7.1 Muthén 1998-2013) . The proportional hazard assumption was not violated for the polygenic score (−2LL = 7.42, df = 9, p = .59), which suggest that the relationship between the polygenic score and first marijuana use remained constant across grades. Similarly, the proportional hazard assumption was not violated for the population stratification variable (−2LL = 8.46, df = 9, p = .49). Intervention was not a significant predictor of survival to first marijuana use (est. = −.191, S.E. = 0.168, p = .257). The polygenic score was a marginally significant predictor of risk of first marijuana use (est. = −0.159, S.E. = .081, p = .050).
With respect to the covariates included in the model, the relationship between pre-intervention aggression levels and age of first use was not statistically significant (est. = .0.083, S.E. = .073, p = .256). Additionally, gender w a s n o t a s i g n i f i c a n t p r e d i c t o r ( e s t . = − 0 . 1 3 4 , S.E. = 0.161, p = .404). The population stratification variable was a significant predictor of age of first marijuana use (est. = 3.652, S.E. = 1.473, p = .013). For regression estimates of all covariates, please see Table 2 . In the moderation model, an interaction term was created to measure the interaction between the polygenic score and intervention. This interaction term was a significant predictor of risk of first marijuana use (est. = −.400, S.E. = 0.133, p = .003), suggesting that those individuals who received the classroom-centered intervention and who had a high polygenic score had the lowest risk of marijuana use from age 6 to age 18 (see Fig. 1 ). In the presence of an interaction, we took the following steps to decompose the interaction to further facilitate its interpretation: hazard probabilities were plotted for the control and intervention groups at the mean level of the polygenic score (est. = −.198, p = .236, 95% CI [−.472, .077]), one standard deviation above the mean of the polygenic score (est. = −.598, p = .003, 95% CI [−.924, −.272]), and one standard deviation below the mean of the polygenic score (est. = .202, p = .374, 95% CI [−.172, .577]). As can be seen in Fig. 1 , hazard probabilities were lowest across waves for individuals in the intervention condition and one standard deviation below the mean for the polygenic score. An identical model was run to explore the impact of the FSP intervention of age of marijuana initiation. With respect to covariates in the model, neither teacherreported aggression in the fall of first grade (est. = 0.092, p = 0.420) nor gender (est. = −0.164, p = 0.378) were significant predictors of age of marijuana initiation. Similarly, the polygenic score was not a significant predictor (est. = −0.031, p = 0.613). The FSP intervention was also not a significant predictor of age of marijuana initiation (est. = 0.137, p = 0.355). The interaction ]between the polygenic score and FSM was also nonsignificant (est. = −0.122, p = .249).
Discussion
The last two decades have witnessed a dramatic increase in the number of studies of the role of gene × environment interactions in the development and course of substance and mental disorders. More recently, prevention researchers have begun to extend the gene × environment interaction paradigm to include gene × intervention interactions. Brody and colleagues have been pioneers in this area (Brody et al. 2009 (Brody et al. , 2012 Beach et al. 2010) . The promise of this line of research is twofold. First, in line with the concept of precision medicine, the knowledge gleaned from gene × intervention interaction studies may serve to improve the efficiency in which limited prevention resources are allocated. More specifically, an individual's genetic profile might be used to determine the extent they would benefit from a particular preventive intervention. A second promise that gene × intervention research holds out is the potential for informing theories of etiology of substance abuse and mental disorders as discussed below within the context of the findings of the present study. Like in Musci et al. (2015a) , wherein the focus was on age of first tobacco use, we found evidence of enhanced effects of our classroom-centered intervention on age of first use of marijuana for those individuals at the upper end Uhl et al.'s (2010a, b) smoking quit success score. The higher the score, the greater the delay in age of first use of marijuana. The significance of this enhanced effect is highlighted by the literature suggesting that the earlier the age of first use of most substances, the greater likelihood of escalating and prolonged use over development.
As noted in the introduction, our rationale for examining Uhl et al.'s (2010a, b) quit success score in relation to age of first marijuana use was largely driven by our theory of the interplay between the CC intervention and Uhl et al.'s score in delaying onset of first tobacco use (Musci et al. 2015a ). As we know from Haberstick et al. (2011) , there are likely common and specific, or unique, genetic influences on substance use. In Musci et al. (2015a) , we posited a unique genetic influence might best explain the gene × intervention interaction that we found with respect to age of first tobacco use. More specifically, we posit that the quit success score may serve in part as measure of shared genetic liability for substance use as well as the tendency to experience the reinforcing effects of nicotine and that the effect of the classroomcentered intervention on age of first cigarette smoked may have varied as a function of this genetic propensity. The fundamental nature of polygenic scores are such that they do not explicitly test specific biological mechanisms; but offer an explanation to the genetic liability of a particular behavior (Maher 2015) . One could posit that biological pathways related to novelty seeking and reward circuitry may play a large role in the common genetic liability of substances; with substance specific pathways also playing a role. The exact mechanism through which the polygenic score is impacting substance use behavior is unknown, and likely we would see associations between this polygenic score and a number of behaviors related to novelty or sensation seeking. Ultimately proof of our theory of the mechanism underlying the polygenic score × intervention interaction found in the present study and Musci et al. (2015a) will require a thorough investigation of the biological functions of each of the SNPs making up the quit success score.
Like in Wang et al. (2012) , where no main effect of the family-school partnership intervention was found on age of first tobacco cigarette smoked, we did not find a main or interaction effect for the family-school partnership intervention on terms of first marijuana use. Consistent with the explanation we offered in Musci et al. (2015a) , the effects of the family-school partnership intervention as reported in prior studies have been less broad and somewhat smaller in magnitude than the classroom-centered intervention effects. One potential explanation for this is the difference in the dose of training and mentoring received by teachers and parents. By design and necessity-given the universal nature of the intervention-parents were only offered 9-, 2-h training workshops focused on parenting, whereas teachers received 24 h of training and coaching/mentoring in classroom behavior management and instruction throughout the school year. Moreover, only about a 1/3 of the parents attended more than half of the parent training workshops. We are aware of the substantial benefits reported in the literature with respect to family-based substance abuse preventive interventions. However, what is often overlooked in these reports is that the control group only includes those parents who were willing to participate in the intervention if assigned to it. In our study, parents only had to agree to their child being assessed and not to their participation in the interventions. As a consequence, the control group in our study includes a much larger proportion of the population denominator (that is, those who were eligible to participate) than what is seen in the typical family-based preventive intervention trials.
We suggested above that one of the promises of gene × intervention interaction studies was the potential for the use of genetic information to inform who would be best served by a particular preventive intervention. Although this may be the case in the context of selective or indicated preventive interventions, it is less applicable to universal preventive intervention trials like ours where the focus is on improving the family and school environment for all children. Moreover, genetic screening on a universal level would prove logistically and economically infeasible. It would also raise ethical issues as their potential for the use of one's genetic profile to deny them intervention or treatment.
Further, in any analysis of gene by environmental interactions, gene-environment correlation is important to address. The previous research has found gene-environment correlation in relation to substance use (Cleveland et al. 2005; Fowler et al. 2007; Rutter and Silberg 2002) , which occurs when genetics affect the likelihood of experiencing particular environmental factors. This becomes an issue when the environmental variable of interest is not randomly assigned. However, because intervention status, in this case, was randomly assigned, gene-environment correlation is not an issue.
With respect to limitations and future directions, the present study's sample is small for the studies of gene × intervention interactions, and thus, we see relatively small effect sizes. Indeed, too small to study gender differences, despite welldocumented gender differences in the amount and type of substance use. The study sample was also largely AfricanAmerican and socioeconomically disadvantaged. Future studies will require considerably larger and more ethnically and economically diverse samples. This may be best achieved by multi-site studies.
